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NATIONAL FOREWORD 

ThisIndiani^tandard(Part3) which is identical with lEC 904-3(1989) Thotovoltaic devices — Part3 : Measurement 
principles for terrestrial photovoltaic (PV) solar devices with reference spectral irradiance data' issued by 
the International Electrotechnical Commission (lEC) was adopted by the Bureau of Indian Standards on the 
recommendation of the Solar Photovoltaic Energy Systems Sectional Committee (ET 28) and approval of 
the Electrotechnical Division Council. 

This standard describes measurement principles for determining the electrical performance of photovoltaic solar 
devices. 

This standard has been issued in several parts. Other parts of this standard are: 

IS 12762 (Part 1): 1989 Specification for photovoltaic devices : Part 1 Measurement of photovoltaic 
current-voltage characteristics 

IS 12762 (Part 2) : 1993 Specification for photovoltaic devices : Part 2 Requirements for references solar 
cells 

Certain conventions appearing in this dual number standard are not identical to those used in Indian Standards. 
Attention is particularly drawn to the following: 

a) Wherever the words 'International Standard' appear referring to this standard, they should be read 
as 'Indian Standard'. 

b) Comma (,) has been used as a decim£^l marker while in Indian Standards, the current practice is 
to use a point (.) as the decimal marker. 

Only the English language text in the lEC standard has been retained while adopting it in this Indian Standard. 

For the purpose of deciding whether a particular requirement of this standard is complied with, final value 
observed or calculated, expressing the result of a test or analysis, shall be rounded off in accordance with 
IS 2 : 1960 'Rules for rounding off numerical values (revised)'. The number of significant places retained 
in the rounded off value should be the same as that of the specified value in the standard. 



IS 12762 (Part3): 1998 
lEC 904-3(1989) 

Indian Standard 
PHOTOVOLTAIC DEVICES 

PART 3 MEASUREMENT PRINCIPLES FOR TERRESTRIAL PHOTOVOLTAIC (PV) SOLAR 
DEVICES WITH REFERENCE SPECTRAL IRRADIANCE DATA 

1. Scope 

This standard applies to the following crystalline silicon photovoltaic devices for terrestrial appli- 
cations: 

a) single solar cells with or without a protective cover 

b) sub-assemblies of solar cells 

c) flat modules 

Note. - The term "test specimen'' is used to denote any of these devices. 

This standard is not applicable to solar cells designed for operation in concentrated sunlight, to 
modules embodying concentrators, nor to hybrid collectors which in addition to generating electricity, 
transfer heat to fluids for use in thermal systems. 

This standard describes measurement principles and specifies the reference spectral irradiance 

distribution. 

Current-voltage characteristics and the derived parameters are explained. 

2. Object 

This standard specifies measurement principles for determining the electrical performance of the 
terrestrial photovoltaic solar devices defined in the scope. These principles cover testing in both 
natural and simulated sunlight. 



3. Measurement principles 

In current practice the photovoltaic performance of a solar cell or module is determined by exposing 
it at a known temperature to stable sunlight, natural or simulated, and tracing its current-voltage 
characteristic while measuring the magnitude of the incident irradiance. The measured performance is 
then corrected to Standard Test Conditions (STC) or other desired conditions of irradiance and 
temperature. The corrected power output at the rated voltage and STC is commonly referred to as the 
rated power. 

Since a solar cell has a wavelength-dependent response, its performance is significantly affected by 
the spectral distribution of the incident radiation, which in natural sunlight varies with location, 
weather, time of year and time of day, and with a simulator varies with its type and conditions. If the 
irradiance is measured with a thermopile-type radiometer that is not spectrally selective, the measured 
conversion efficiencies can vary by several per cent due to spectral distribution changes. 
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The principles given in this standard are designed to reduce such discrepancies by relating the 
performance rating to a reference terrestrial solar spectral irradiance distribution. 

This is done by measuring the irradiance with a reference device that has essentially the same relative 
spectral response as the test specimen, and has been calibrated in terms of short-circuit current per unit 
of irradiance (AW'^m^) with the reference spectral distribution. 

The reference device automatically takes into account variations in the spectral distribution. 
Because of this, location and weather conditions are not critical when the reference device method is 
used for outdoor performance measurements. The type of simulator is not critical for indoor measure- 
ments. Moreover, since the time constants of both the reference device and the test specimen are 
similar, fluctuations in solar intensity can be accepted provided they do not occur during a measure- 
ment. 

If the performance of a cell or module is related to a known spectral irradiance distribution, it is 
possible for a user or array designer, using the spectral response of the cells, to compute within a 
reasonable tolerance its performance when exposed to light of any other known spectral irradiance 
distribution. 



4. Reference solar spectral irradiance distribution 

The reference solar spectral irradiance distribution for the purposes of this standard is given in 
Table I and Figure 1. This is a total distribution (direct + diffuse) sunlight, corresponding to an 
irradiance of 1000 W m-^ at AM 1.5, on a plane surface tilted at 37*^ to the horizontal, with 0.2 ground 
reflectance albedo, under the following meteorological conditions: 

- atmospheric water content: 1.42 cm 

- atmosphere ozone content; 0.34 cm 

- turbidity: 0.27 at 0.5 ^m 
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Table I 
Reference solar spectral irradiance distribution 



Wavelength 


Spectral irradiance 


Spectral photon irradiance 


Cumulative integrated irradiance 


^m 


W m-2 . ^m-* 


cm"^ • s"' • ^m~' 


Wm-2 


0,3050 


9,5 


l,459E + 0i5 


0,06 


0,3100 


42,3 


6,602 E + 01 5 


0,19 


0,3150 


107,8 


1,710E + 016 


0,57 


0,3200 


181,0 


2,916E + 016 


1,29 


0,3250 


246,8 


4,038 E + 016 


2,36 


0,3300 


395,3 


6,567E + 0I6 


3,97 


0,3350 


390,1 


6,579E + 016 


5,93 


0,3400 


435,3 


7,451 E + 016 


7,99 


0,3450 


438,9 


7,623 E + 016 


10,18 


0,3500 


483.7 


8,523 E-f 016 


12,49 


0,3600 


520,3 


9,430 E + 016 


17.51 


0,3700 


666,2 


1,241 E + 017 


23,44 


0,3800 


1\1,S 


1.363E + 017 


30,33 


0,3900 


120J 


1,415E + 017 


37,50 


0,4000 


1013,1 


2,040 E + 017 


46.17 


0,4100 


1158,2 


2,391 E + 017 


57,02 


0,4200 


1184,0 


2,504 E + 017 


68,74 


0,4300 


1071,9 


2,320 E + 017 


80,01 


0,4400 


1302,0 


2,884 E + 017 


91,88 


0,4500 


1526,0 


3,457 E + 017 


106,02 


0,4600 


1599.6 


3.704 E + 017 


121,65 


0,4700 


1581,0 


3,741 E + 017 


137,55 


0,4800 


1628,3 


3,935 E + 017 


153,60 


0,4900 


1539,2 


3,797 E + 017 


169,44 


0,5000 


1548,7 


3,898 E+017 


184,88 


0,5100 


1586,5 


4,074 E + 017 


200,55 


0,5200 


1484,9 


3,887 E + 017 


215,91 


0,5300 


1572,4 


4,196 E + 017 


231,20 


0.5400 


1550,7 


4,2J6E + 017 


246,81 


0,5500 


1561,5 


4,324 E + 017 


262,38 


0,5700 


1501,5 


4,309 E + 017 


293,01 


0,5900 


1395,5 


4,145E + 017 


321,98 


0,6100 


1485,3 


4,561 E + 017 


350,78 


0,6300 


1434,1 


4.549 E + 017 


379,98 


0,6500 


1419,9 


4,647 E + 017 


408,52 


0,6700 


1392,3 


4,696 E + 017 


436,64 


0,6900 


1130,0 


3,925 E + 017 


461,86 


0,7100 


1316,7 


4,707 E + 017 


486,33 


0,7180 


1010,3 


3,652 E + 017 


495.64 


0.7244 


1043,2 


3,805 E + 017 


502,21 


0.7400 


1211.2 


4,512E + 017 


519,79 


0,7525 


1193,9 


4,523 E + 017 


534,82 


0,7575 


1175,5 


4,483 E + 017 


540,75 


0,7625 


643,1 


2,469 E + 017 


545,29 


0,7675 


1030,7 


3,983 E+017 


549,48 


0,7800 


1131,1 


4,442 E + 017 


562,99 


0,8000 


1081.6 


4,356 E + 017 


585,12 


0,8160 


849,2 


3,489 E + 017 


600,56 


0,8237 


785,0 


3,255 E + 017 


606,85 


0,8315 


916,4 


3,836 E + 017 


613,49 


0,8400 


959,9 


4,059 E + 017 


621,46 


0,8600 


978,9 


4,238 E + 017 


640,85 


0,8800 


933,2 


4,134E + 017 


659,97 


0,9050 


748,5 


3,410 E + 017 


680,99 


0,9150 


667,5 


3,075 E + 017 


688,07 


0,9250 


690,3 


3,215E + 017 


694,86 


0,9300 


403,6 


1,890 E + 017 


697,60 


0.9370 


258,3 


1,218E + 017 


699,91 
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Wavelength Spectral irradiance Spectral^ photon iiradiance Cumulative integrated irradiance 

|im W m"^ ' urn"' cm"^ • s"* • jim~* W m"^ 

0,9480 313^6 1,497E + 017 703,06 

0,9650 526,8 2,559 E + 017 710,20 

0,9800 646,4 3,189 E + 017 719,00 

0,9935 746,8 3,735 E + 017 728,41 

1,0400 690,5 3,615 E + 017 761,82 

1,0700 637,5 3,434 E + 017 781,74 

1,1000 412,6 2,285 E + 017 797,49 

1,1200 108,9 6,140E + 016 802,71 

1,1300 189,1 1,076 E + 017 804,20 

1,1370 132,2 7,567 E + 016 805,32 

1,1610 339,0 1,981 E + 017 810,98 

1,1800 460,0 2,733 E + 017 818,57 

1,2000 423,6 2,559 E + 017 827,40 

1 ,2350 480,5 2,988 E + 017 843,22 

1,2900 413,1 2,683E + 017 867,80 

1,3200 250,2 1,663 E + 017 877,75 

1,3500 32,5 2,209 E + 016 881,99 

1,3950 1,6 1,124E + 015 882,75 

1,4425 55,7 4,045 E + 016 884,11 

1,4625 105,1 7,738 E + 016 885,72 

1,4770 105,5 7,845 E + 016 887,25 

1,4970 182,1 1,372 E + 017 890,12 

1,5200 262,6 2,010 E + 017 895,24 

1,5390 274,2 2,125 E + 017 900,34 

1,5580 275,0 2,157 E + 017 905,56 

1,5780 244,6 1,943 E + 017 910,75 

1,5920 247,4 1,983 E + 017 914,19 

1,6100 228,7 1,854 E + 017 918,48 

1,6300 244,5 2,006 E + 017 923,21 

1 ,6460 234,8 1 ,946 E + 017 927,05 

1,6780 220,5 1,863 E + 017 934,33 

1,7400 171,5 1,502 E + 017 946,48 

1,8000 30,7 2,782E + 016 952,55 

1,8600 2,0 1,873 E + 015 953,53 

1,9200 1,2 1,160 E + 015 953,63 

1,9600 21,2 2,092 E + 016 954,07 

1,9850 91,1 9,104 E + 016 955,48 

2,0050 26,8 2,705 E + 016 956,66 

2,0350 99,5 1,019 E + 017 958,55 

. 2,0650 60,4 6,279 E + 016 960,95 

2,1000 89,1 9,420 E + 016 963,57 

2,1480 82,2 8,889 E + 016 967,68 

2,1980 71,5 7,912 E + 016 971,52 

2,2700 70,2 8,023 E + 016 976,62 

2,3600 62,0 7,367 E + 016 982,57 

,2,4500 21,2 2,615 E + 016 986,32 

2,4940 18,5 2,323E + 016 987,19 

2,5370 3,2. 4,087 E + 015 987,66 

2,9410 4,4 6,515 E + 015 989,19 

2,9730 7,6 1,138 E + 016 989,38 

3,0050 6,5 9,834 E + 015 989,60 

3,0560 3,2 4,923 E + 015 989,85 

3,1320 5,4 8,515 E.+ 015 990,18 

3,1560 19,4 3,082 E + 016 990,48 

3,2040 1,3 2,097 E + 015 990,98 

3,2450 3,2 5,228 E+015 991,07 

3,3170 13,1 2,188 E + 016 991,66 

3,3440 3,2 5,387 E + 015 991,88 

3,4500 13,3 2,310 E + 016 992,75 

3,5730 11,9 2,141 E + 016 994,30 

3,7650 9,8 1,858 E + 016 996,38 

4,0450 7,5 1,527 E + 016 998,79 
cx) 1000,00 

Note, -The cumulative integrated irradiance values were obtained by means of the modified trapezoidal integration 
technique. 
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Fig. 1. -Reference solar spectral irradiance distribution. 
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5, Current-voltage characteristics 

One example of a current- voltage (I-V) curve measured at a fixed irradiance and temperature is 
shown in figure 2. The current is plotted along the ordinate, the voltage along the abcissa. 

The electrical characteristics which may be derived from the /-F curve are: 

a) short-circuit current (/sc): Point A 

The current value where the /-F curve crosses the current axis at F= 0; 

b) open-circuit voltage (Foe): Point B 

The voltage value where the /-F curve crosses the voltage axis at / ^ 0; 

c) maximum power (Pmax): Point C 

The power at the point on the /-F curve where the product of current and voltage is maximum; 



d) load current (/l): Point D 

The measured current at a specified load voltage, Fl. 



Current 



/sc-l 



/pma 



Irradiance = E(Wm"2) 
Temperature = T{ °C) 




Vi V/pmax \/oc Voltage 



Fig. 2. - Example of current- voltage (/-P') curve. 
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APPENDIX A 
TERMINOLOGY 



A 1. Meteorological terminology 

Solar elevation (6) 

Angle between the direct solar beam and the horizontal plane (degrees). 

Air Mass (AAf) 

The length of path through the earth's atmosphere traversed by the direct solar beam, expressed 
as a multiple of the path traversed to a point at sea level with the sun directly overhead. 

The value of "Air Mass" is 1 at sea level with cloudless sky when the sun is directly overhead and 
the air pressure P= 1.013 bar (760 mm Hg). 

At any point, the value of the air-mass is given by: 

P 1 

AM = — X with P «= local air pressure in bar 

Po sme' 

Po= 1.013 bar 

6 = solar elevation angle 

Irradiance 

Radiant power incident upon unit area of surface (Wm"^). 

Direct irradiance (direct insolation) 

The radiant power from the sun's disk and from the circumsolar region of the sky within a 
subtended angle of 5^ incident upon unit area (Wm'^). 

Diffuse irradiance 

The radiant power from the whole of the sky, incident upon unit area (Wm-^) except that 
contributing to the direct solar irradiance. 

Global irradiance 

Total radiant power incident upon unit area of a horizontal surface (Wm"^) = direct irradiance 
(horizontal) + diffuse irradiance (horizontal). 

Total irradiance 

Total radiant power incident upon unit area of an inclined surface (Wm"^). 

Spectral irradiance (Ex) 

Irradiance per unit bandwidth at a particular wavelength (Wm~^ • ^m""^. 

Spectral photon irradiance (Epx) 

Photon flux density at a particular wavelength (cm"^ • s~* • ^m"^). 

Epx = 5.035 X lO^^ZEx (A in ^im) 
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Spectral irradiance distribution 

Spectral irradiance plotted as a function of wavelength (Wm"^ • ^m"^). 

Irradiation 

Integration of irradiance over a specified period of time (MJm~^ per hour, day, week, month, year 
as the case may be). 

Direct irradiation 

Integrated direct irradiance over a specified time period (MJm~^ per hour, per day, etc., as the 
case may be). 

Diffuse irradiation 

Integrated diffuse irradiance over a specified time interval (MJm"^ per hour, per day, etc., as the 

case may be). 

Total irradiation 

The integrated total irradiance over a specified time interval on a tilted surface (MJm"^ per day, 
week, etc., as the case may be). 

Global irradiation 

Integrated global irradiance over a specified time period (MJm"^ per hour, per day, etc., as the 
case may be). 

Pyranometer 

A radiometer normally used to measure global irradiance (or, with a shade ring or disc, diffuse 
irradiance) on a horizontal plane. Can also be used at an angle to measure the total irradiance on 
an inclined plane, which in this case includes an element due to radiation reflected from the 
foreground. 

Pyrheliometer (sometimes called "Normal Incidence Pyrheliometer" or NIP) 
A radiometer, completed with a collimator, used to measure direct irradiance. 

Turbidity (^d, x) 

The reduced transparency of the atmosphere, caused by absorption and scattering of radiation by 
solid or liquid particles, other than clouds, held in suspension. As defined by Angstrom, the 
turbidity of the atmosphere is related to t, the extinction coefficient at a wavelength of 1 000 nm 
and to £, the wavelength exponent in the expression for the aerosol extinction function: 

t values less than 0. 1 indicate a very clear condition, whereas values greater than 0.20 indicate a 
distinctly hazy condition. The average value of e, which is dependent on the particle size dis- 
tribution, was assumed by Angstrom to be approximately 1.3. 



Precipitable water vapour content 

The volume of precipitable water vapour (cm^) in a vertical column of the atmosphere 1 cm^ in 
cross section expressed as the height of the corresponding vertical column of water (cm). 

Ozone content 

The volume of ozone (cm^) at standard temperature and pressure in a vertical column of the 
atmosphere 1 cm^ in cross section. 
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A 2. Photovoltaic physical parameters terminology 



Solar cell 

The basic photovoltaic device which generates electricity when exposed to sunlight. 

Module 

The smallest complete environmentally protected assembly of interconnected solar cells. 



A 3. Photovoltaic conversion terminology 

Photovoltaic effect 

Direct conversion of radiant energy into electrical energy. 

Conversion efficiency 

The ratio of maximum electrical power output to the product of generator area and incident 
irradiance measured under defined test conditions and expressed as a percentage. 

Spectral response"^ {S (A)) 

The short-circuit current density generated by unit irradiance at a particular wavelength (AW~^), 

plotted as a function of wavelength. 

Relative spectral response* (S (A)rei) 

The spectral response normalized to unity at wavelength of maximum response. 

5(A) 

S (A)rel = -^ 

^ (A)max 

Short-circuit current (/sc) 

The output current of a photovoltaic generator in the short-circuit condition at a particular 

temperature and irradiance. 

Open-circuit voltage (Foe) 

The voltage across an unloaded (open) photovoltaic generator at a particular temperature and 

irradiance. 

Current-voltage characteristic {I^f{V)) 

The output current of a photovoltaic generator as a function of output voltage, at a particular 

temperature and irradiance. 

Maximum power (Pmax) 

The power at the point on the current- voltage characteristic where the product of current and 

voltage is a maximum. 

Maximum power voltage (Kpmax) 

The voltage corresponding to maximum power. 

Maximum power current (/pmax) 

The current corresponding to maximum power. 



* The term "response" is commonly used but "responsivity" is strictly correct. 
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Fill factor {FF) 

The ratio of maximum power to the product of open-circuit voltage and short-circuit cur- 
rent: 

-« max 



FF- 



Vac ^ 's( 



Load current (/l) 

The current supplied by the PV generator at a particular temperature and irradiance, into a load 
connected across its terminals. 

Load voltage (Kl) 

The voltage appearing across the terminals of a load connected to the terminals of the PV 
generator at a particular temperature and irradiance. 

Load power (Pl) 

The power supplied to a load connected to the terminals of the PV generator at a particular 
temperature and irradiance. 

Pl-Vlx /l 

Rated current 

The assigned value of current of a PV generator at the rated voltage under specified operating 
conditions. 

Rated power 

The assigned value of power output of a photovoltaic generator at rated voltage under specified 
operating conditions. 

Rated voltage 

The assigned value of voltage at which a photovoltaic generator is designed to provide near 
maximum electrical power under specified operating conditions. 

Test irradiance 

Irradiance used for test purposes, as measured with a reference device. 

Standard Test Conditions (STC) 

- Cell temperature: 25 ± 2°C. 

- Irradiance: As measured with a reference device : 1 000 Wm"^ with the reference solar spectral 

irradiance distribution. 

Optional test conditions 

Test irradiance as measured with a reference device of 1 000 Wm*^ and cell temperature at any 
convenient measured ambient conditions. 

Ambient temperature (Tamb) 

The temperature of the air surrounding the photovoltaic generator as measured in a vented 

enclosure and shielded from solar, sky and ground radiation. 

Module surface temperature 

The mean temperature of the back surface of the module. 

Cell temperature (Tj) 

Directly measured by a thermal sensor in contact with the cell or derived from Foe measurement 
or thermal balance calculations. It is not very different from the temperature of the cell exposed 
face. 
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Current temperature coefficient (a) 

The change of the short-circuit current of a PV generator per degree Celsius change of cell 
temperature. 

Note. ~ This coefficient varies with irradiance and to a lesser extent, with temperature. 

Voltage temperature coefficient {fi) 

The change of the open circuit voltage of a PV device per degree Celsius change of cell temper- 
ature. 

Note, - This coefficient varies with irradiance and to a lesser extent with temperature. 

Nominal Operating Cell Temperature (NOCT) 

The equilibrium mean solar cell temperature within a module in a standard reference environ- 
ment of 800 Wm"-^ irradiance, 20 ^C ambient air temperature, 1 ms"^ wind speed, electrically 
open-circuit and open rack mounted at normal incidence, at solar noon. 

Time constant 

The time required for a radiometer or photovoltaic generator to attain 63.2% of its steady state 
value after a step change of irradiance. 

Angle of incidence 

The angle between the direct irradiant beam and the normal to the active surface (degrees). 

Reference device 

A photovoltaic device used to measure irradiance or to set simulator irradiance levels in terms of 
a reference solar spectral irradiance distribution. 
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1/14 CLT. Scheme VII M, V.I.P. Road, Maniktola 
CALCUTTA 700054 



Northern : SCO 335-336, Sector 34-A, CHANDIGARH 160022 

Southern : CLT. Campus, IV Cross Road, CHENNAI 6001 13 

Western : Manakalaya, E9 MIDC, Marol, Andheri (East) 
MUMBAI 400093 

Branches : AHMADABAD. BANGALORE, BHOPAL. BHUBANESHWAR. 
COIMBATORE. FARIDABAD. GHAZIABAD. GUWAHATI. 
HYDERABAD. JAIPUR. KANPUR. LUCKNOW. NAGPUR. 
PATNA. PUNE. THIRUVANANTHAPURAM. 



Telegrams: Manaksanstha 
(Common to all offices) 

Telephone 

323 76 17,323 38 41 



r337 84 99,337 85 61 
1337 86 26,337 9120 



{ 



603843 
60 20 25 



f2350216,235 0442 
12351519,2352315 

f8329295,83278 58 
183278 91,8327892 
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